Abstract-In this paper, a short range FMCW (Frequency Modulated Continuous Wave) radar system with low computation complexity is proposed. In order to improve the frequency linearity, the proposed FMCW radar system adopts the digital frequency modulation with the counter and look-up tables for sine and cosine waves in an FPGA (Field Programmable Gate Array). In order to reduce the complexity of hardware, it utilizes the arc cosine rom in time domain for calculating the distance instead of FFT. The total RMSE of the distance is less than one meter. The suggested FMCW radar is applicable to unmanned vehicle, train, ship, exploration robot, military tank and obstacle sensor.
I. INTRODUCTION
Radar is a device which sends out electromagnetic wave energy and can measure the distance between the transmission antenna and the target object with a value which calculates the arrival time of the reflected wave after being reflected from the target object [1] . Radar systems are not only used as a navigation device in airplanes and ships but also used in diverse fields such as, calculating large scale tank in the heavy chemical industry, climate observation, marine safety facility and vehicle collision prevention [2] - [6] . Especially, the demands of unmanned vehicle radar technology have increased [7] - [8] . While normal anti-air radar is used for detecting objects which are hundreds of kilometers away, the radar used for unmanned vehicle needs to detect objects within 200m. The unmanned vehicle radar systems have many methods, including FMCW (Frequency Modulated Continuous Wave), pulse, CW (Continuous Wave) and spread spectrum method. FMCW method is the most widely used methods due to economical reason. The analog FMCW method radar with VCO (Voltage Controlled Oscillator) needs to have increased in the number of kHz per nanosecond to find the distance delay. However, it is hard to induce the frequency increase in VCO and high quality VCO is expensive and complicated actuation circuit.
In this paper, the proposed FMCW radar system with low computation complexity suggested using counter in an FPGA (Field Programmable Gate Array), rather than  Manuscript received June 18, 2015; revised November 17, 2015.
VCO, to generate the FMCW wave. Furthermore, the proposed one does not use the FFT (Fast Fourier Transform) for distance measurement algorithm with FMCW radar systems and also reduced the complicated hardware by using arc cosine ROM (Read only Memory) table.
In Section 2, the basic theory of FMCW radar and the calculation of distance are described. In the 3rd section, the proposed FMCW radar system is analyzed and designed. In Section 4, the results of distance calculation are shown. Finally, the conclusions are reached in Section 5.
II. BASIC THEORY OF FMCW RADAR AND CALCULATION OF DISTANCE AND SPEED
Radars are divided into pulse and continuous wave depending on the modulation method. A pulse radar system transmits pulses with small width and measures the distance by using the delay time of the signal wave, reflected from the object. It is called the amplitude modulation method. CW radar systems are a method which calculates the difference of the frequency signal while signals are transmitted and reflected. It measures the distance with the modulated amount of the transmitted frequency by modulating the transmitting frequency per time. A conventional FMCW radar system is composed as shown in Fig. 1 . The system is consisted of transmission, receipt and antenna part. Except the part where the transmission part transmits the signal by modulating the frequency, there is not much structural difference with the normal continuous wave radar system, but as the FMCW radar system's capability is determined by the linearity which modulates the frequency, there is a big difference in structuring the transmission part.
The conventional FMCW radar uses VCO in order to modulate the frequency of the transmission signal. VCO modulates the frequency according to the input voltage. But the output frequency is not linear for the input voltage. PLL (Phase Locked Loop) is utilized in order to convert the frequency linearly. The transmission signal that comes out by modulating the frequency is released through one antenna after amplification. The reflected signal from the object is received by the same antenna and it comes back to the mixer, after going through the circulator. Although the sum and the difference of transmission and receipt signals are output on the mixer, the summed frequency is removed through the LPF (Low Pass Filter) and the difference is only input as ADC (Analog Digital Converter). The input signal is shown as the frequency domain with the FFT. The extracted difference frequency is converted into the distance information from the frequency spectrum. The FMCW radar systems have the advantages of having smaller transmission power, size, and simple structure for the pulse radar. But there are disadvantages such as, isolation between the transmission and receipt, phase noise and linearity according to the broadband frequency modulation. It needs reinforcements for problems.
The difference frequency between the transmitted signal and the reflected signal, from the FMCW radar changes according to the distance. Normally, the frequency modulation of the transmission signal uses linearly chopping form or sawtooth wave. In the case of calculating the distance, it uses sawtooth wave most of the time, but as the sawtooth wave is not continuous in modulation and in order to extract the distance. It needs to create modulation wave with different slopes. It uses chopping wave. Fig. 2 shows the diagram of linearly chopping wave modulation. The slope (f m ) that modulates into chopping form is the value that divided modulation broadband (Δf) by modulation period (T S ) and the frequency difference of the transmission and receipt signal of after the delay of τ can be expressed as the below (1).
The chopping form modulation creates a point where the difference frequency is 0 when it switches to decrease frequency modulation after linearly increase frequency modulation during the modulation period, it is ignored as it is regarded as a very small section. The extracted difference frequency can be converted into distance information by using (1) , and the organization is as follows:
For the fixed object, the difference in the frequency between the increase and decrease modulation section is the same, but the difference frequency for the moving object creates a Doppler frequency succession. It presents the difference of the Doppler frequency per modulation section. The Fig. 3 shows the transmission and receipt frequency and difference frequency of the moving object. Each section indicates the speed information according to the Doppler frequency succession and the distance information according to the time delay and it can extract both information through simultaneous equation of increase (f up ) and decrease (f down ) sections as follows:
III. PROPOSED FMCW RADAR SYSTEM
The proposed FMCW radar system is divided into the transmission, receipt and antenna part as shows in Fig. 4 . The antenna part is not different from the conventional FMCW radar system. The transmission part generates the FMCW wave by using the counter in an FPGA rather than VCO. Because it consumes about 6.6ns for the
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absolute delay of 1m depending on the (8), it is oversampled to 150MHz corresponding 6.6 ns per 1 step. 
Receiving signal multiplies the transmitted signal's (9) and the receiving signal's (10) to calculate the frequency difference. The cosine signal is received through ADC. With the low pass filter, it filters the high frequency signals and finds the difference frequency of lower frequency. In the case of a conventional FMCW radar system, the signal frequency is calculated with FFT. But the proposed FMCW radar system utilizes arc cosine ROM table in order to reduce the complexity of the hardware. The distance is calculated with the frequency signal which gained from the arc cosine table and (7). The performance of distance sensor is measured with respect to the RMSE (Root Mean Square Error). If the transmission SNR is 35 and 40 dB, the result is shown in Table I-Table IV and Table V-Table VIII , respectively. The total RMSE of the distance is less than one for the area, Doppler, transmission SNR and distance. (10) for delay time τ.
IV. THE MESUREMNT RESULT OF THE DISTANCE 
V. CONCLUSIONS
In this paper, the short range FMCW radar system with low computational complexity is proposed. Because the VCO's linearity affects directly the accuracy of measurement distance in FMCW radar, the VCO's frequency linearity is very important to measure distance. In this research, in order to improve the frequency linearity, the proposed FMCW radar system used the FMCW wave which increases by 6.6kHz per 1 step with the counter in an FPGA. In order to reduce the complexity of the hardware, it utilized the arc cosine ROM for the distance. The suggested FMCW radar is applicable to unmanned vehicle, train, ship, exploration robot, military tank and obstacle sensor.
